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 Abstract    
Objectives: Despite constant advances in the ﬁeld of biology and medical application of human embryonic stem 
cells, the molecular mechanism of pluripotency remains largely unknown. So far, deﬁnitions of pluripotent stem 
cells (SC) have been based on a limited number of antigenic markers and have not allowed for unambiguous 
determination of the homogeneity of each subpopulation. Moreover, the use of some crucial pluripotency markers 
such as SSEA-3 and SSEA-4 has recently been questioned due to the possibility that the pattern of surface glycans 
may be changed depending on the content of the cell culture medium.
Aim: Quantitative analysis of amniotic SC subpopulations cultured in diﬀerent media, based on the following 
pluripotency surface markers: SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81 expression and co-expression.
Material and methods: Immunoﬂuorescence and ﬂuorescence microscopy were used to identify and localize SC 
within a normal human placenta at term. The number of SSEA-4+, SSEA-3+, TRA-1-60+ and TRA-1-81+ cells and 
cells with co-expression of the above mentioned markers, cultured in media containing diﬀerent protein supplements 
of animal origin, was counted by ﬂow cytometry.
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Abbreviations: 
BSA – bovine serum albumin; ESC – embryonic stem cells; FBS – fetal 
bovine serum; hESC – human embryonic stem cells; MSC – mesenchymal 
stem cells; PBS – phosphate buﬀered saline; SC –stem cells; SSEA-3 and 
SSEA-4 – Stage-Speciﬁc Embryonic Antigen 3 and 4, respectively; TRA-
1-60 and TRA-1-81 – Tumor Rejection Antigen 1-60 and 1-81 respectively.
Skróty: 
BSA – albumina surowicy wołowej; ESC – embrionalne komórki macierzyste; 
FBS – płodowa surowica bydlęca; hESC – ludzkie embrionalne komórki 
macierzyste; MSC – mezenchymalne komórki macierzyste; PBS – sól 
ﬁzjologiczna buforowana fosforanami; SC – komórki macierzyste; SSEA-3 
i SSEA-4, ang. – Stage-Speciﬁc Embryonic Antigen 3 i 4; TRA-1-60 i TRA-
1-81, ang. – Tumor Rejection Antigen 1-60 i 1-81.
Introduction
5HFHQWO\ SXEOLVKHG VWXGLHV KDYH UHSRUWHG WKH SUHVHQFH RI D 
SRSXODWLRQ RI VWHP FHOOV 6& ZKLFK H[KLELW FKDUDFWHULVWLFV RI 
SOXULSRWHQW HPEU\RQLF FHOOV LQ WKH RUJDQV RI DGXOW LQGLYLGXDOV 
>1@ ,W LV EHOLHYHG WKDW SOXULSRWHQW FHOOV ZKLFK LQKDELW WKH RUJDQV 
GXULQJ WKH IHWDO OLIH RI PDPPDOV PD\ EHFRPH GRUPDQW LQ DGXOW 
WLVVXHV DQG PLJKW EHFRPH D VRXUFH RI WLVVXHVSHFL¿F SUHFXUVRU 
FHOOV GXULQJ WKH SURFHVV RI RUJDQ UHJHQHUDWLRQ DQG IRU FHOO WKHUDS\ 
> 3@ 'HPRQVWUDWLQJ WKH SUHVHQFH RI SOXULSRWHQW FHOOV ZLWK 
VWUXFWXUDO DQG IXQFWLRQDO FDSDELOLWLHV FRPSDUDEOH WR HPEU\RQLF 
VWHP FHOOV (6& ERWK LQ DGXOW DQG SHULQDWDO WLVVXHV SUHVHQWV D 
FXUUHQW VFLHQWL¿F DQG PHGLFDO FKDOOHQJH >4@ &RQ¿UPDWLRQ RI VXFK 
SUHVHQFH ZRXOG EHJLQ D QHZ VFLHQWL¿FDOO\ MXVWL¿HG PRUDOO\ DQG 
Results and conclusions: Cells with characteristics of embryonic SC were identiﬁed in the amniotic epithelium 
and the chorion, but not in the decidua basalis. Amniotic epithelium contained various types of SC, with SSEA-4+ 
as the most numerous. Disproportion in the number of SSEA-4+, SSEA-3+, TRA-1-60+ and TRA-1-81+ cells and 
cells characterized by co-expression of these antigens, as well as lack of quantitative diﬀerences between SC 
subpopulations cultured in diﬀerent media, was observed. In conclusion, the amniotic epithelium is composed of 
SC at diﬀerent stages of the development but human amnion might become an alternative source of SSEA-4+ 
embryonic-like SC. The composition of the evaluated media, characterized by diﬀerent content of animal-derived 
proteins, does not inﬂuence the number of cells identiﬁed within the SC subpopulations. 
 Key words: KXPDQSODFHQWD/ amnion / SOXUiSoWHnW VWHm FHOOV / 
         / maUNHUV oI SOXUiSoWHnF\ / co-expression / SSEA-3 / SSEA-4 / TRA-1-60 / 
         / TRA-1-81 / cXOWXre meGia / 
 Streszczenie
Wstęp: Mimo ciągle rosnącej wiedzy o biologii i zastosowaniach medycznych ludzkich embrionalnych komórek 
macierzystych, molekularny mechanizm utrzymujący ich pluripotencjalność pozostaje nieznany. Dotychczas 
stosowane deﬁnicje komórek pluripotencjalnych opierają się na oznaczeniach ograniczonej liczby markerów 
antygenowych i nie pozwalają na jednoznaczne określenie homogenności danej subpopulacji. Ponadto, 
zastosowanie niektórych kluczowych markerów pluripotencji, np. SSEA-3 i SSEA-4, jest obecnie kwestionowane, 
ponieważ skład powierzchniowych glikanów przypuszczalnie może się zmieniać w zależności od ich zawartości w 
podłożu hodowlanym.
Cel pracy: Celem pracy była analiza ilościowa owodniowych subpopulacji komórek macierzystych wykazujących 
ekspresję i koekspresję markerów powierzchniowych pluripotencji SSEA-3, SSEA-4, TRA-1-60 i TRA-1-81, 
w warunkach hodowli w różnych podłożach.
Materiał i metody: Zastosowano techniki immunoﬂuorescencyjne i mikroskopię ﬂuorescencyjną do immunodetekcji 
i lokalizacji komórek macierzystych w prawidłowym łożysku ludzkim. Liczebność komórek SSEA-4+, SSEA-3+, TRA-
1-60+ i TRA-1-81+ oraz komórek wykazujących koekspresję tych markerów, hodowanych w podłożach różniących 
się zawartością białek pochodzenia zwierzęcego, oceniano metodą cytometrii przepływowej.
Wyniki i wnioski: Wykazano, że komórki o cechach embrionalnych komórek macierzystych występują w łożysku 
ludzkim w nabłonku owodni i w kosmówce, natomiast nie są obecne w doczesnej. Nabłonek owodni zawierał 
różne populacje komórek macierzystych, przy czym najliczniejsze były komórki SSEA-4+. Stwierdzono dysproporcje 
liczbowe w subpopulacjach komórek SSEA-4+, SSEA-3+, TRA-1-60+ i TRA-1-81+ oraz komórek wykazujących 
koekspresję tych markerów, a także brak różnic ilościowych pomiędzy subpopulacjami komórek hodowanych 
w badanych podłożach. Podsumowując, nabłonek owodni zawiera komórki macierzyste reprezentujące różne 
stadia rozwoju, ale może być atrakcyjnym źródłem komórek macierzystych SSEA-4+. Skład badanych podłoży 
hodowlanych, charakteryzujący się różną zawartością białek pochodzenia zwierzęcego nie miał wpływu na 
liczebność subpopulacji komórek macierzystych identyﬁkowanych w hodowli.
 Słowa kluczowe: áoĪ\sNo OXG]Nie / owodnia / pOXripoWencMaOne NomyrNi macier]\sWe / 
                  / marNer\ pOXripoWencMaOnoĞci / koekspresja / SSEA-3 / SSEA-4 / 
                  / TRA-1-60 / TRA-1-81 / podáoĪa KodowOane /
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HWKLFDOO\ DFFHSWDEOH SRVVLELOLW\ WR REWDLQ WKHVH FHOOV IRU WKHUDSHXWLF 
SXUSRVHV DQG WUHDWPHQW RI PHWDEROLF DQG JHQHWLF GLVHDVHV > @
3HULQDWDO WLVVXHV VXFK DV WKH FRUG EORRG WKH SODFHQWD DQG WKH 
DPQLRWLF ÀXLG SOD\ D VSHFLDO UROH DV D VRXUFH RI SOXULSRWHQW FHOOV GXH 
WR WKH IDFW WKDW E\ QDWXUH WKH\ DUH D UHVHUYRLU RI FHOOV RI IHWDO RULJLQ 
7KH SODFHQWD LV DQ RUJDQ IRUPHG LQ ODUJH SDUW IURP IHWDO WLVVXHV 
 HSLEODVW SRVWHPEU\RQLF PHVRGHUP DQG WURSKREODVW  DQG LQ D 
UHODWLYHO\ VKRUW SHULRG RI WLPH ZKLFK SURYLGHV WKH SRVVLELOLW\ RI 
SUHVHUYLQJ D VLJQL¿FDQW QXPEHU RI FHOOV ZLWK WKH FKDUDFWHULVWLFV RI 
SOXULSRWHQW (6& DQG VLPLODU SRWHQWLDO WR GLIIHUHQWLDWLRQ >@ 
+XPDQ SODFHQWD LV UHODWLYHO\ HDV\ WR REWDLQ ZLWKRXW DGGLWLRQDO 
ULVN WR KHDOWK DQG OLIH RI WKH GRQRU RU WKH IHWXV DQG LV VXEMHFWHG 
WR PDQGDWRU\ UHF\FOLQJ ZLWKRXW HWKLFDO FRQFHUQV ,W PD\ EH 
WDNHQ GXULQJ ODERU LQ D PLQLPDOO\ LQYDVLYH DQG IDVW ZD\ 
7KH SODFHQWD LV FRPSRVHG RI D ODUJH QXPEHU RI FHOOV SHU 
XQLW ZHLJKWYROXPH LH IURP 1 WR 1 PLOOLRQ FHOOV1J WLVVXH 
GHSHQGLQJ RQ WKH SODFHQWDO OD\HU $SSUR[LPDWHO\ 1 
PLOOLRQ FHOOV DUH REWDLQHG IURP KXPDQ DPQLRWLF HSLWKHOLDO FHOOV 
RI D VLQJOH SODFHQWD 7KH PHDQ SODFHQWDO ELUWK ZHLJKW LV DERXW 
 J 8QGRXEWHGO\ WKH SODFHQWD KDV WKH EHVW SDUDPHWHUV LQ 
WHUPV RI PDVV YROXPH DQG FHOO QXPEHU DPRQJ DOO RWKHU 
FXUUHQWO\ XVHG WLVVXH VRXUFHV RI 6& > @ 3ODFHQWDO FHOOV VKRZ 
D OLPLWHG H[SUHVVLRQ RI WKH PDMRU KLVWRFRPSDWLELOLW\ FRPSOH[ 
DQWLJHQV FODVV , +/$$ +/$% DQG +/$& DV ZHOO DV ODFN 
RI 0+& FODVV ,, ZKLFK LQ WKH FDVH RI FHOOV RI IHWDO RULJLQ LV D 
QDWXUDO LPPXQRVXSSUHVVLRQ PHFKDQLVP DJDLQVW WKH PDWHUQDO 
GHIHQVH V\VWHP 7KDW PD\ EH DQ LPSRUWDQW IDFWRU IRU WKH VDIH XVH 
RI WKHVH FHOOV DQG WKHLU SURJHQ\ GXULQJ WUDQVSODQWDWLRQ >1 11@ 
)LQDOO\ VWXGLHV KDYH VKRZQ WKDW KXPDQ DPQLRWLF HSLWKHOLDO FHOOV 
KDYH DQWLLQÀDPPDWRU\ SURSHUWLHV >1 13@ DQG SODFHQWDO 6& KDYH 
ORZ WXPRULJHQLF SURSHUWLHV > 11 14@
7KH GHYHORSPHQW RI HIIHFWLYH PHWKRGV IRU FHOO LVRODWLRQ DQG 
FXOWXUH DV ZHOO DV FRQWUROOLQJ WKH SURFHVV RI FHOO GLIIHUHQWLDWLRQ 
SUHVHQWV DQRWKHU SUREOHP >4@ 6WHP FHOOV DUH FXUUHQWO\ GH¿QHG 
E\ D FRPELQDWLRQ RI SK\VLFDO JHQHWLF DQG IXQFWLRQDO SURSHUWLHV 
8QLYHUVDO PDUNHUV IRU 6& WKDW PLJKW EH XVHG IRU GLUHFW DQG HI¿FLHQW 
LVRODWLRQ RI VSHFL¿F 6& SRSXODWLRQV KDYH QRW EHHQ GHWHUPLQHG 
\HW $PRQJ WKH VSHFL¿F 6& VXUIDFH PDUNHUV DQ LPSRUWDQW UROH KDV 
EHHQ DVVLJQHG WR JO\FDQ HSLWRSHV WKDW IXQFWLRQ DV UHFHSWRUV DQG 
DUH LQYROYHG LQ FHOO DGKHVLRQ DQG VLJQDO WUDQVGXFWLRQ &RPPRQO\ 
XVHG PDUNHUV RI KXPDQ (6& K(6& LQFOXGH 75$1 DQG 
75$11 7XPRU 5HMHFWLRQ $QWLJHQ 1 DQG 11 WKDW EHORQJ 
WR WKH FODVV RI NHUDWDQ VXOIDWH SURWHRJO\FDQV DQG 66($3 DQG 
66($4 6WDJH6SHFL¿F (PEU\RQLF $QWLJHQ 3 DQG 4 ZKLFK DUH 
FDUERK\GUDWH HSLWRSHV RI JO\FRVSKLQJROLSLGV >1 1 1@
75$1 DQG 75$11 DUH H[SUHVVHG RQ WKH VXUIDFH RI 
KXPDQ WHWUDFDUFLQRPD 6& KXPDQ HPEU\RQLF JHUP FHOOV DQG 
K(6& >1@ \HW WKHLU PROHFXODU LGHQWLW\ KDV UHPDLQHG HOXVLYH IRU 
GHFDGHV 
5HFHQWO\ WKH DSSOLFDELOLW\ RI 66($3 DQG 66($4 LQ 
WKH FKDUDFWHUL]DWLRQ RI 6& KDV EHHQ TXHVWLRQHG EHFDXVH RI 
WKH SUREDEOH LQFRUSRUDWLRQ RI JO\FDQV LQWR WKH F\WRSODVPLF 
PHPEUDQH DV D FRQVHTXHQFH RI FHOO PHWDEROLVP ,W LV OLNHO\ 
WKDW VRPH JO\FDQV PD\ DSSHDU RQ WKH FHOO VXUIDFH DV D UHVXOW RI 
WKHLU PRGL¿HG H[SUHVVLRQ SDWWHUQ GHSHQGLQJ RQ WKH VWDJH RI FHOO 
GLIIHUHQWLDWLRQ )LQDOO\ LW ZDV VXJJHVWHG WKDW WKH FKDQJHV RI 66($ 
HSLWRSHV PD\ GHSHQG RQ FHOOFXOWXUH PHGLXP UHODWLRQV ZKDW LV 
VWULFWO\ FRQQHFWHG ZLWK WKH XVH RI DQLPDOGHULYHG FRPSRQHQWV 
>1  1@ ,Q WKH OLJKW RI WKHVH REVHUYDWLRQV YHUL¿FDWLRQ RI 
PDUNHU VXLWDELOLW\ DQG FRQWLQXRXV VHDUFK IRU VXFK GHWHUPLQDQWV 
RI SOXULSRWHQF\ ZRXOG DOORZ IRU WKH LVRODWLRQ RI WKH VXI¿FLHQW 
QXPEHU RI SRVVLEOH KRPRJHQHRXV FHOOV ZLWK FKDUDFWHULVWLFV RI 
(6&
The aim 
7KH DLP RI WKH VWXG\ ZDV D TXDQWLWDWLYH DQDO\VLV RI DPQLRWLF 
6& VXESRSXODWLRQV FXOWXUHG LQ WZR GLIIHUHQW PHGLD $OSKD 0(0 
FRQWDLQLQJ IHWDO ERYLQH VHUXP )%6 DQG P7H651 FRQWDLQLQJ 
DQLPDOVRXUFHG ERYLQH DOEXPLQ EXW QR XQGH¿QHG VHUXP 
DQLPDORULJLQ FRPSRQHQWV 7KH LGHQWL¿FDWLRQ RI 6& ZDV EDVHG 
RQ WKH LPPXQRGHWHFWLRQ RI VXUIDFH PDUNHUV RI SOXULSRWHQF\ 
66($3 66($4 75$1 DQG 75$11 H[SUHVVLRQ DQG FR
H[SUHVVLRQ
Materials and Methods
+Xman pOacenWas
7HUP SODFHQWDV IURP 3 KHDOWK\ GRQRU PRWKHUV DJHG 1
3 \HDUV ZHUH REWDLQHG IURP WKH 3HULQDWRORJ\ DQG *\QHFRORJ\ 
:DUG RI WKH &HQWUDO &OLQLFDO +RVSLWDO 0HGLFDO 8QLYHUVLW\ RI 
6LOHVLD .DWRZLFH 
7KH ZRPHQ JDYH WKHLU LQIRUPHG FRQVHQW 8QFRPSOLFDWHG 
HOHFWLYH FDHVDUHDQ GHOLYHULHV ZHUH SHUIRUPHG EHWZHHQ 3 DQG 3 
ZHHNV JHVWDWLRQ IRU PHGLFDO UHDVRQV ,I QR HYLGHQFH RI SODFHQWDO 
LQVXI¿FLHQF\ ZDV IRXQG WKH SODFHQWDV ZHUH UDSLGO\ WUDQVIHUUHG 
WR WKH ODERUDWRU\ LQ SKRVSKDWH EXIIHUHG VDOLQH 3%6 FRQWDLQLQJ 
DQWLELRWLFDQWLP\FRWLF VROXWLRQ 3HQLFLOOLQ 1 8QLWVPO 
6WUHSWRP\FLQ 6XOSKDWH 1 PJPO $PSKRWHULFLQ %  JPO 
3$$ DQG ('7$  P0 ('7$ ,QYLWURJHQ DQG ULQVHG VHYHUDO 
WLPHV ZLWK WKLV PL[WXUH WR UHPRYH EORRG

Table I. Eﬃciency of cell isolation from human placental amnion. 
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0orpKoOoJicaO sWXdies
&URVVVHFWLRQV H[FLVHG IURP WKH SHULFHQWUDO DUHD RI WKH 
SODFHQWD ZHUH ¿[HG LQ 1 IRUPDOGHK\GH GHK\GUDWHG LQ 
LQFUHDVLQJ FRQFHQWUDWLRQV RI HWKDQRO[\OHQH VHULHV DQG HPEHGGHG 
LQ SDUDI¿Q 7KH SDUDI¿Q EORFNV ZHUH FXW LQWR 4 ȝP VOLFHV ZKLFK 
ZHUH WKHQ GHSDUDI¿QL]HG DQG UHK\GUDWHG E\ SDVVLQJ WKURXJK D 
VHULHV RI [\OHQH DQG DOFRKRO DQG VWDLQHG ZLWK KHPDWR[\OLQ DQG 
HRVLQ +( E\ VWDQGDUG SURFHGXUH
,QYLYRimmXnodeWecWion oI sWem ceOO markers 
)LUVWO\ 1[ PP WLVVXH VDPSOHV FRQWDLQLQJ HQWLUH FURVV
VHFWLRQV RI WKH GLVFRLG SODFHQWD ZHUH ¿[HG LQ 4 EXIIHUHG IRUPDOLQ 
S+ 4  KU DW URRP WHPSHUDWXUH IROORZHG E\ LQ¿OWUDWLRQ ZLWK 
3 VXFURVH LQ 3%6 RYHUQLJKW DW 4& IRU FU\RSURWHFWLRQ 7KHQ 
WKH VDPSOHV ZHUH HPEHGGHG LQ WLVVXH IUHH]LQJ PHGLXP 2&7 
(PEHGGLQJ 0DWUL[ &HOO3DWK DQG  P WKLFN FU\RVHFWLRQV ZHUH 
SUHSDUHG 7KH VHFWLRQV ZHUH ZDVKHG ZLWK 3%6 EORFNHG ZLWK 1 
VROXWLRQ RI ERYLQH VHUXP DOEXPLQ %6$ DQG LQFXEDWHG ZLWK 
SULPDU\ DQWLERGLHV DQWL66($3 UDW ,J0 0$%433 DQWL
66($4 PRXVH ,J*3 0$%434 DQWL75$1 PRXVH ,J0 
0$%43 RU DQWL75$11 PRXVH ,J0 0$%431 DOO IURP 
&KHPLNRQ0LOOLSRUH DW D FRQFHQWUDWLRQ RI 1 JPO IRU  KU 
DW 4& 
$IWHU WKH ZDVKLQJ VWHSV ZLWK 3%6 WKH VHFWLRQV ZHUH H[SRVHG 
WR DSSURSULDWH VHFRQGDU\ ),7&FRQMXJDWHG DQWLERGLHV PRXVH 
DQWLUDW ,J0 11 H%LRVFLHQFHV JRDW DQWLPRXVH ,J*3 
11 $E'6HURWHFK RU JRDW DQWLPRXVH ,J0 SRO\FORQDO 
DQWLERG\ 1%4 1RYXV %LRORJLFDOV $IWHUZDUGV LQ RUGHU WR 
YLVXDOL]H WKH FHOO VWUXFWXUH )DFWLQ ZDV FRXQWHUVWDLQHG ZLWK  
P0 5KRGDPLQH SKDOORLGLQ ,QYLWURJHQ )RU QXFOHL VWDLQLQJ 
VOLFHV ZHUH PRXQWHG ZLWK +DUG 6HW 0RXQWLQJ 0HGLD FRQWDLQLQJ 
'$3, 9HFWRU /DERUDWRULHV ,Q FRQWURO VSHFLPHQV WKH SULPDU\ 
DQWLERG\ ZDV VXEVWLWXWHG ZLWK DQ HTXLYDOHQW FRQFHQWUDWLRQ 
RI LVRW\SHVSHFL¿F LPPXQRJOREXOLQV UDW ,J0 N ,VRW\SH &WUO 
41 PRXVH ,J*3 N ,VRW\SH &WUO 4131 RU PRXVH ,J0 N 
,VRW\SH &WUO 411 DOO IURP %LR/HJHQG 
,soOaWion and cXOWXre oI ceOOs Irom WKe KXman amnioWic 
membrane
7KH DPQLRWLF PHPEUDQH ZDV PDQXDOO\ VHSDUDWHG IURP WKH 
FKRULRQ ZDVKHG LQ 3%6 VXSSOHPHQWHG ZLWK DQWLELRWLFV DQG 
DQWLP\FRWLFV DV GHVFULEHG DERYH DQG FXW LQWR SLHFHV a[ 
PP 7KH IUDJPHQWV ZHUH WKHQ VXEMHFWHG WR HQ]\PDWLF GLJHVWLRQ 
DW 3&  PLQXWHV ZLWK 4 8PO GLVSDVH VROXWLRQ 5RFKH WZLFH 
4 PLQXWHV ZLWK  WU\SVLQ4 P0 ('7$ VROXWLRQ 3$$ 
DQG  PLQXWHV ZLWK  PJPO FROODJHQDVH VROXWLRQ 5RFKH 
&HOOV ZKLFK ZHUH UHFRYHUHG DIWHU GLJHVWLRQ ZHUH FROOHFWHG E\ 
FHQWULIXJDWLRQ 3 [ J 4& DQG VXVSHQGHG LQ D FRPSOHWH PHGLXP 
)UDFWLRQV FROOHFWHG DIWHU HDFK GLJHVWLRQ VWHS ZHUH FRPELQHG WR 
FRQVWLWXWH D PL[WXUH RI WKH FHOOV )URP WKLV SURFHVV WKH UHVXOWLQJ 
FHOO VXVSHQVLRQV ZHUH GHSOHWHG RI UHG EORRG FHOOV E\ LQFXEDWLRQ 
ZLWK /\VLQJ %XIIHU %' %LRVFLHQFHV $IWHU FHQWULIXJDWLRQ DQG 
¿OWUDWLRQ WKURXJK D 1 P FHOO VWUDLQHU WKH FHOOV ZHUH SODFHG 
LQWR FXOWXUH ÀDVNV 1 [ 15 FHOOVFP (DFK FHOO FXOWXUH ZDV 
PDLQWDLQHG LQ $OSKD 0(0 $OSKD 0RGL¿FDWLRQ RI 0LQLPXP 
(VVHQWLDO 0HGLXP 6LJPD$OGULFK VXSSOHPHQWHG E\ 1 )%6 
1 DQWLELRWLFDQWLP\FRWLF VROXWLRQ DQG 1 /JOXWDPLQH DOO 
IURP 3$$ DQG LQ P7H651 PHGLXP 6WHP&HOO 7HFKQRORJLHV 
LQ ERWK FDVHV DW 3Ƞ& ZLWK ZDWHU VDWXUDWHG DWPRVSKHUH DQG 5 
&2 $OSKD 0(0 FRQWDLQV QRQHVVHQWLDO DPLQR DFLGV VRGLXP 
S\UXYDWH DQG DGGLWLRQDO YLWDPLQV >@ DQG LV RQH RI WKH PRVW 
ZLGHO\ XVHG V\QWKHWLF FHOO FXOWXUH PHGLXP IRU FXOWLYDWLRQ RI D 
ZLGH YDULHW\ RI FHOOV JURZQ LQ PRQROD\HU ZKLOH P7H651 LV D 
VWDQGDUGL]HG PHGLXP IRU IHHGHULQGHSHQGHQW PDLQWHQDQFH RI 
K(6& LQ FXOWXUH >3 4@ P7H651 FRQWDLQV DQ DQLPDOVRXUFHG 
SURWHLQ  ERYLQH DOEXPLQ EXW LW LV FKDUDFWHUL]HG E\ WKH HOLPLQDWLRQ 
RI XQGH¿QHG PHGLXP FRPSRQHQWV DQG UHPRYDO RI WKH LQKHUHQW 
YDULDELOLW\ DVVRFLDWHG ZLWK IHHGHU FHOOV DQG FRQGLWLRQHG PHGLD 
K(6& PDLQWDLQHG LQ P7H651 PHGLXP VKRXOG EH SKHQRW\SLFDOO\ 
KRPRJHQRXV DQG H[SUHVV KLJK OHYHOV RI DQWLJHQV DVVRFLDWHG ZLWK 
SOXULSRWHQF\ 7KH PHGLD ZHUH FKDQJHG DIWHU 4 KU DQG HYHU\ 3±4 
GD\V WKHUHDIWHU 7KH FHOOV ZHUH JURZQ IRU IXUWKHU 14 GD\V XQGHU 
WKHVH FRQGLWLRQV
,QYLWURimmXnodeWecWion oI sWem ceOO markers 
$IWHU 1 KRXUV WKH FHOOV ZHUH FROOHFWHG FHQWULIXJHG 
VXVSHQGHG LQ 3%6 VXSSOHPHQWHG ZLWK 1 )%6 DQG 5 P0 ('7$ 
DQG LQFXEDWHG 3 PLQ 4& LQ WKH GDUN ZLWK DQWLKXPDQ SULPDU\ 
DQWLERGLHV DQWL66($3 5DW ,J0 DQWL66($4 0RXVH ,J*3 DQWL
75$1 0RXVH %$/%F ,J0 53 DQG DQWL75$11 
0RXVH %$/%F ,J0 514 RU ZLWK 5DW ,J0 5534 
0RXVH ,J*3 55 DQG 0RXVH ,J0 55344 DOO IURP %' 
3KDUPLQJHQ LVRW\SH FRQWUROV $OO DQWLERGLHV ZHUH FRQMXJDWHG 
ZLWK ),7& DQG XVHG LQ DFFRUGDQFH ZLWK WKH PDQXIDFWXUHU
V 
SURWRFRO  O VROXWLRQ SHU 1 O FHOO VXVSHQVLRQ FRQWDLQLQJ 1 [ 
1 FHOOV )LQDOO\ WKH FHOOV ZHUH ¿[HG LQ  SDUDIRUPDOGHK\GH 
DQG PRXQWHG LQ 9HFWDVKLHOG +DUG6HW 0RXQWLQJ 0HGLXP ± ZLWK 
'$3, 9HFWRU LQ RUGHU WR SUHYHQW SKRWREOHDFKLQJ 
%RWK LPPXQRKLVWRFKHPLFDO DQG LPPXQRF\WRFKHPLFDO 
UHDFWLRQV ZHUH DQDO\]HG LQ ÀXRUHVFHQFH PLFURVFRSH 1LNRQ 
(FOLSVH 7L8 HTXLSSHG ZLWK D FDPHUD 1LNRQ 'LJLWDO 6LJKW '6
60& UXQQLQJ RQ WKH 1,6(OHPHQWV $5 3 VRIWZDUH 1LNRQ 
,QVWUXPHQWV ,QF
Flow cytometry
,Q RUGHU WR FRPSOHWH ÀRZ F\WRPHWULF DQDO\VLV WKH FHOOV 
REWDLQHG IURP WKH DPQLRWLF PHPEUDQH ZHUH KDUYHVWHG VHTXHQWLDOO\ 
DIWHU 1 KRXUV DQG RQ GD\V  DQG 14 RI FXOWXUH PDQDJHPHQW LQ 
WZR GLIIHUHQW PHGLD ,PPXQRVWDLQLQJ ZDV SHUIRUPHG IRU 3 
PLQXWHV DW 4& LQ WKH GDUN XVLQJ 3( DQWL66($3 UDW ,J0 $OH[D 
)OXRU 4 DQWL+XPDQ 75$11 PRXVH ,J0 541 +XPDQ 
3OXULSRWHQW 6WHP &HOO 6RUWLQJ DQG $QDO\VLV .LW %' 3KDUPLQJHQ 
3( DQWLKXPDQ 75$1 PRXVH ,J0 513 %' 3KDUPLQJHQ 
$OH[D )OXRU 4 DQWLKXPDQ 75$15 PRXVH ,J0 33 
%LR/HJHQG DQG 3HU&3 DQWLKXPDQPRXVH 66($4 PRXVH ,J*3 
)$%1435& 5	' 6\VWHPV LQ FRPELQDWLRQV ,Q DGGLWLRQ 
PDWFKHG LVRW\SH FRQWUROV ZHUH XVHG QDPHO\ ),7& 0RXVH ,J0 
3( 5DW ,J0 $OH[D )OXRU 4 0RXVH ,J0 541 +XPDQ 
3OXULSRWHQW 6WHP &HOO 6RUWLQJ DQG $QDO\VLV .LW %' 3KDUPLQJHQ 
3( 0RXVH ,J0 4111 %LR/HJHQG $OH[D )OXRU 4 0RXVH 
,J0 411 %LR/HJHQG DQG 3HU&3 0RXVH ,J*3 ,&& 
5	' 6\VWHPV (DFK WLPH DW OHDVW 1  HYHQWV ZHUH DQDO\]HG 
E\ ÀRZ F\WRPHWU\ )$&6 $ULD %HFWRQ 'LFNLQVRQ ZLWK WKH %' 
)$&6'L9D VRIWZDUH 
Statistical analysis
6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ 0DQQ:KLWQH\ 8 
WHVW 7KH OHYHO RI VLJQL¿FDQFH ZDV VHW DW S5 
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Results
,Q WKH ¿UVW VWDJH RI WKH H[SHULPHQW ZH SHUIRUPHG LQ YLYR 
LPPXQRORFDOL]DWLRQ IROORZHG E\ LQ YLWUR LPPXQRGHWHFWLRQ 
DQG ÀRZ F\WRPHWULF TXDQWL¿FDWLRQ RI DPQLRWLF FHOOV H[SUHVVLQJ 
PDUNHUV RI SOXULSRWHQF\ LVRODWHG IURP QRUPDO WHUP KXPDQ 
SODFHQWD )LJXUH 1
,mmXnolocali]ation oI SSEA-3+, SSEA-4+, TRA-1-60+ and 
TRA-1-81+ cells in KXman placenta
,W ZDV VKRZQ WKDW WKH FHOOV FKDUDFWHUL]HG E\ 66($4 )LJXUH 
 66($3 )LJXUH 3 75$1 )LJXUH 4 DQG 75$11 
)LJXUH 5 PDUNHU H[SUHVVLRQV ZHUH SUHVHQW PRVWO\ LQ WKH DPQLRWLF 
HSLWKHOLXP DQG LQ D VPDOOHU QXPEHU 66($4 DQG 66($3 LQ WKH 
VWHP DQG WHUWLDU\ YLOOL 1R LPPXQRUHDFWLYLW\ LQ WKH GHFLGXDO FHOOV 
ZDV REVHUYHG 'DWD JDWKHUHG IURP WKH LPPXQRKLVWRFKHPLFDO 
UHDFWLRQ XQGHU WKH ÀXRUHVFHQFH PLFURVFRSH VKRZHG WKDW 66($
4+ FHOOV ZHUH WKH PRVW QXPHURXV LQ WKH DPQLRQ &HOOV H[SUHVVLQJ 
66($3 75$1 DQG 75$11 PDUNHUV ZHUH VSUHDG EHWZHHQ 
WKH FHOOV RI WKH DPQLRWLF HSLWKHOLXP VRPHWLPHV JURXSHG LQ VPDOO 
FOXVWHUV 
Isolation of the amniotic cells and LQYLWUR TXali¿cation and 
TXanti¿cation of SSEA-3+, SSEA-4+, TRA-1-60+ and TRA-1-
81+ cells 
7KH REWDLQHG PHDQ HI¿FDF\ RI FHOO LVRODWLRQ ZDV  PLOOLRQ 
FHOOV IURP 1J RI KXPDQ DPQLRWLF WLVVXH 7DEOH , 7KH LVRODWLRQ 
RI WKH FHOOV IURP WKH DPQLRWLF PHPEUDQH ZDV IROORZHG E\ WKH 
LPPXQRGHWHFWLRQ RI 6& PDUNHUV LQ WKH SULPDU\ FXOWXUH )LJXUH 
 DQG ÀRZ F\WRPHWULF TXDOLWDWLYH DQG TXDQWLWDWLYH DQDO\VLV RI 
66($3+ 66($4+ 75$1+ DQG 75$11+ VXESRSXODWLRQV 
RI KXPDQ DPQLRWLF FHOOV )LJXUH  
2XU DQDO\VLV VKRZHG WKDW LVRODWHG DPQLRWLF FHOOV H[SUHVVHG 
DOO IRXU PDUNHUV 66($4+ FHOOV ZHUH WKH PRVW QXPHURXV ±
5 IROORZHG E\ FHOOV ZLWK 66($3 PDUNHU 4±3 75$
11 5± DQG ¿QDOO\ FHOOV PDUNHG ZLWK 75$1 34 RI 
WKH HQWLUH SRSXODWLRQ )LJXUH 
,QYLWUR SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81  
co-expression
,Q WKH QH[W VWHS RI WKH H[SHULPHQW ZH LQYHVWLJDWHG WKH 
SUHVHQFH RI D SRSXODWLRQ RI FHOOV H[SUHVVLQJ WKH IRXU HYDOXDWHG 
(6& PDUNHUV WRJHWKHU LQ WKH DPQLRQ )LJXUH  DQG )LJXUH  
7KH PXOWLSDUDPHWHU ÀRZ F\WRPHWU\ DQDO\VLV UHYHDOHG D 
YHU\ VPDOO QXPEHU RI FHOOV 3 H[SUHVVLQJ 66($3 WRJHWKHU 
ZLWK 66($4 75$1 DQG 75$11 'LIIHUHQW FRPELQDWLRQV 
RI 66($4 PDUNHU ZLWK 66($3 75$1 DQG 75$11 
DQWLJHQV FRPSULVLQJ IURP 35 WR 5 RI WKH SULPDU\ FXOWXUH 
ZHUH IRXQG 
&ell cXltXre in Alpha 0E0/F%S and mTeSR1 mediXm
)LQDOO\ ZH H[HFXWHG D TXDQWLWDWLYH DQDO\VLV RI 66($3+ 
66($4+ 75$1+ DQG 75$11+ VXESRSXODWLRQV GXULQJ D 
14GD\ LQFXEDWLRQ SHULRG RI WKH DPQLRWLF FHOOV LQ WZR GLIIHUHQW 
PHGLD $OSKD 0(0)%6 DQG P7H651 7KH TXDQWLWDWLYH GDWD RI 
WKH VWXGLHG VXESRSXODWLRQV REWDLQHG IURP WKH ÀRZ F\WRPHWU\ 
RQ GD\V 1  DQG 14 RI WKH LQFXEDWLRQ )LJXUH  GLG QRW UHYHDO 
WKH SUHVHQFH RI VLJQL¿FDQWO\ GLIIHUHQW QXPEHUV RI 66($3+ 
66($4+ 75$1+ DQG 75$11+ FHOOV ,Q WKH SULPDU\ 
FXOWXUH DQG GXULQJ WKH 14GD\ FXOWXUH ERWK LQ P7H651 PHGLXP 
FRQWDLQLQJ VLJQL¿FDQWO\ UHGXFHG DPRXQW RI  SURWHLQV RI DQLPDO 
RULJLQ DQG LQ $OSKD 0(0 PHGLXP FRQWDLQLQJ 1 )%6 ZH GLG 
QRW REVHUYH VLJQL¿FDQW IDOVL¿HG SRVLWLYH FKDQJHV LQ WKH QXPEHU 
RI FHOOV H[SUHVVLQJ ERWK 66($ DQG 75$ PDUNHUV 
Discussion
7KH DSSOLFDELOLW\ RI 66($3 DQG 66($4 LQ WKH 
FKDUDFWHULVWLFV RI 6& KDV UHFHQWO\ EHHQ TXHVWLRQHG GXH WR WKH 
IDFW WKDW VRPH JO\FDQV DUH OLNHO\ WR DSSHDU RQ WKH FHOO VXUIDFH 
DV WKH UHVXOW RI PHWDEROLF LQFRUSRUDWLRQ ,W ZDV DOVR IRXQG WKDW 
D FOHDUFXW VZLWFK LQ WKH FRUH VWUXFWXUHV RI JO\FRVSKLQJROLSLGV 
RFFXUV GXULQJ K(6& GLIIHUHQWLDWLRQ LQWR HPEU\RLG ERGLHV FDXVLQJ 
FURVVUHDFWLYLW\ RI DQWLERGLHV DJDLQVW 66($3 DQG 66($4 ZLWK 
 
Figure 1. Topography of the human placenta at term. The tissues in which stem cell markers were identiﬁed are shown (H-E staining). Human amnion contains mesenchymal 
sparse stromal cells and it is lined by closely packed ectodermal epithelial cells. 
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WKHVH PROHFXOHV >5@ ,Q DGGLWLRQ WKH SUHVHQFH RI 66($ DQWLJHQV 
RQ WKH VXUIDFH RI FHOOV LQ FXOWXUH FRQGLWLRQV KDV EHHQ VXJJHVWHG 
WR EH WKH FRQVHTXHQFH RI FKDQJHV LQ WKHLU QDWXUH GHSHQGLQJ 
RQ WKH FHOOPHGLXP LQWHUDFWLRQV LQYROYLQJ WKH LQFRUSRUDWLRQ 
RI JO\FRVSKLQJROLSLGV RI )%6 LQGXFWLRQ RI JHQH H[SUHVVLRQ 
RI JO\FRV\OWUDQVIHUDVHV RU )%6LQGXFHG DFWLYLW\ RI HQ]\PHV 
LQYROYHG LQ WKH ELRV\QWKHVLV RI 66($3 >1@ 
)%6 LWVHOI FRQWDLQV D GHWHFWDEOH DPRXQW RI JORERVHULHV 
JO\FRVSKLQJROLSLGV DQG D PROHFXOH FRUUHVSRQGLQJ WR WKH VL]H 
RI 66($4 FRXOG EH GHWHFWHG >1@ 5HFHQWO\ D QXPEHU RI FHOO 
FXOWXUH PHGLD IRUPXODWLRQV IRU PDLQWDLQLQJ K(6& DQG UHWDLQLQJ 
WKH DGYDQWDJHV RI EHLQJ IXOO\GH¿QHG DQG VHUXPIUHH KDYH EHHQ 
GHVFULEHG :H ZHUH DEOH WR YHULI\ WKH K\SRWKHVLV WKDW D FXOWXUH 
HQYLURQPHQW FDQ FKDQJH WKH H[SUHVVLRQ SDWWHUQ RI PDUNHUV RI 
SOXULSRWHQF\ GXULQJ D 14 GD\ DPQLRQGHULYHG 6& FXOWXUH LQ WZR 
GLIIHUHQW PHGLD
$W WKH ¿UVW VWDJH RI WKH H[SHULPHQW ZH FKRVH DQG TXDQWL¿HG 
WKH FHOOV H[SUHVVLQJ 66($3 DQG 66($4 DV ZHOO DV XQFRQWHVWHG 
PDUNHUV RI SOXULSRWHQF\ QDPHO\ 75$1 DQG 75$11 
ZKLFK DUH VSHFL¿F LQGLFDWRUV IRU (6& >1 1 1 @ 
 
Figure 2. Immunolocalization of SSEA-4+ cells in human placenta at term. FITC (green) - anti-SSEA-4 antibody (left columns) and adequate isotypic controls (right columns) 
conjugated with FITC; TRITC (red-orange) - F-actin stained with Rhodamine phalloidin; DAPI  (blue)- cell nuclei stained with DAPI. Speciﬁc staining for SSEA-4 is shown 
separately in the left column FITC. Scale = 10 μm. 
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,W LV NQRZQ WKDW WKH FRPSRVLWLRQV RI 6& RI WKH DPQLRWLF 
PHPEUDQH FRPSDULQJ ZLWK RWKHU SODFHQWDO WLVVXHV DUH TXLWH 
GLIIHUHQW DQG LW VHHPV WKDW WKH DPQLRWLF PHPEUDQH UHWDLQV 
SOXULSRWHQW 6& FKDUDFWHULVWLFV ,W PD\ UHÀHFW WKH GLIIHUHQW RULJLQ 
RI WKH DPQLRQ IURP SOXULSRWHQW HSLEODVW DQG WKH FKRULRQ IURP 
WURSKHFWRGHUP DV ZHOO DV WKH GLVWDQFH EHWZHHQ WKH DPQLRWLF 
FHOOV DQG WKH FHQWHUV RI RUJDQRJHQHVLV ZKHUH WKH\ GHYHORS WKH 
H[WUDFHOOXODU PDWUL[ LV SURGXFHG DQG JURZWK IDFWRUV DUH VHFUHWHG 
,W ZDV DOVR FRQ¿UPHG LQ YLYR E\ ,]XPL HW DO >@ WKDW PRVW 
HSLEODVWGHULYHG IHWDO DPQLRWLF HSLWKHOLDO FHOOV DUH SRVLWLYH IRU 6& 
PDUNHUV LQ WKH HDUO\ VHFRQG WULPHVWHU RI WKH SUHJQDQF\ 11 
ZHHNV DQG VRPH RI WKHP UHPDLQ LQ WKH WHUP DPQLRQ 7KH DXWKRUV 
REVHUYHG WKDW WKH SHUFHQWDJH RI 75$1+ DQG 75$11+ FHOOV 
GHFUHDVHG RYHU WKH FRXUVH RI SUHJQDQF\ IURP DERXW 34 WR 
DERXW IHZ SHUFHQW 
7KH DERYH PHQWLRQHG UHVXOWV DV ZHOO DV RXU UHVXOWV ZKLFK 
LGHQWL¿HG WKH H[SUHVVLRQ RI 66($3 66($4 75$1 DQG 
75$11 LQ IHWDO WLVVXHV RI KXPDQ WHUP SODFHQWD HVSHFLDOO\ 
LQ WKH DPQLRWLF HSLWKHOLXP LQGLFDWH WKDW HYHQ DW WHUP WKH UDWLRV 
RI WKH FHOOV H[SUHVVLQJ DOO IRXU PDUNHUV LQ WKH KXPDQ DPQLRQ 
IURP IHZ WR PRUH WKDQ 5 DUH FRQVLGHUDEO\ KLJKHU WKDQ LQ 
RWKHU SODFHQWDO WLVVXHV DV ZHOO DV LQ DGXOW 6& 11 IRU 
 
Figure 3. Immunolocalization of SSEA-3+ cells in human placenta at term. FITC (green) - anti-SSEA-3 antibody (left columns) and adequate isotypic controls (right columns) 
conjugated with FITC; TRITC (red-orange) - F-actin stained with Rhodamine phalloidin; DAPI (blue) - cell nuclei stained with DAPI Speciﬁc staining for SSEA-3 is shown 
separately in the left column FITC. Scale = 10 μm. 
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H[DPSOH LQ ERQH PDUURZ >@ 7KH SURSRUWLRQ RI DPQLRWLF FHOOV 
ZKLFK UHDFW ZLWK WKH 66($4 75$1 75$11 DQG 66($
3 DQWLERGLHV WRJHWKHU ZLWK WKH IDFW WKDW DQWL66($3 DQG DQWL
66($4 DQWLERG\ UHFRJQL]HV GLIIHUHQW SDUWV RI WKH JDQJOLRVLGH 
DQG WKDW DQWL75$1 DQG DQWL75$11 DQWLERG\ UHFRJQL]HV 
GLIIHUHQW HSLWRSHV VXJJHVW WKDW DPQLRWLF 6& DUH DW YDULRXV VWDJHV 
RI GLIIHUHQWLDWLRQ ,W LQGLFDWHV WKDW WKH DPQLRWLF FHOO SRSXODWLRQ 
FRQVLVWV RI GLIIHUHQW VXEVHWV 6LPLODUO\ DV LQ WKH VWXG\ E\ 0LNL 
HW DO >@ QR VSHFL¿F SDWWHUQ RI WKH 6& PDUNHUSRVLWLYH FHOOV 
GLVWULEXWLRQ ZDV REVHUYHG LQ GLIIHUHQW SDUWV RI WKH DPQLRQ 7KH 
DXWKRUV VXJJHVWHG WKDW DPQLRWLF 6& DUH QRW RUJDQL]HG E\ H[WHUQDO 
UHJXODWRU\ VLJQDOV 7KH\ VKRZHG DOVR WKDW DOPRVW DOO DPQLRWLF 
HSLWKHOLDO FHOOV UHDFW ZLWK DQWLERGLHV VSHFL¿F IRU 66($4 DQG 
1 ZLWK DQWLERGLHV WR 75$1 DQG 75$11 $PQLRWLF 
PHVHQFK\PDO FHOOV DQG FHOOV REVHUYHG LQ DQ\ RWKHU SDUW RI WKH 
KXPDQ SODFHQWD FKRULRQ DQG GHFLGXD EDVDOLV ZHUH QHJDWLYH IRU 
66($4 75$1 DQG 75$11 ,Q KLVWRORJLFDO VHFWLRQV WDNHQ 
IURP WKH KXPDQ SODFHQWD 66($3+ FHOOV ZHUH QRW REVHUYHG LQ 
DQ\ OD\HU RI WKH SODFHQWD LQ YLYR 7KDW ¿QGLQJ LV LQ FRQWUDVW WR RXU 
REVHUYDWLRQV WKDW ERWK 66($4+ DQG 66($3+ FHOOV DUH SUHVHQW LQ 
WKH DPQLRWLF HSLWKHOLXP DQG WKDW VPDOO VXESRSXODWLRQV RI WKHVH 
FHOOV DUH SUHVHQW LQ VWHP DQG WHUWLDU\ YLOOL ,W VKRXOG EH DOVR QRWHG 
 
Figure 4. Immunolocalization of TRA-1-60+ cells in human placenta at term. FITC (green)- anti-TRA-1-60 antibody (left columns) and adequate isotypic controls (right columns) 
conjugated with FITC; TRITC  (red-orange)- F-actin stained with Rhodamine phalloidin; DAPI  (blue)- cell nuclei stained with DAPI. Speciﬁc staining for TRA-1-60 is shown 
separately in the left column FITC. Scale = 10 μm. 
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WKDW +XDQJ HW DO IRXQG WKDW DOO DERYH PHQWLRQHG DQWLJHQV DV 
ZHOO DV 2FW4 FDQ EH GHWHFWHG LQ 06& GHULYHG IURP WKH GHFLGXD 
EDVDOLV UDQJLQJ IURP 335 WR 44 >3@
,Q HDUOLHU VWXGLHV 0LNL HW DO IRXQG DQG TXDQWL¿HG in 
YiWUR DPQLRWLF 66($4+ 43 75$11+  75$
1+  DQG 66($3+  FHOOV GHVSLWH WKH IDFW WKDW 
WKH ODWWHU ZHUH QRW LGHQWL¿HG in YiYR >31@ 7KH GLIIHUHQFH LQ 
DPQLRWLF 66($3+ in YiYR DQG in YiWUR LGHQWL¿FDWLRQ PD\ UHVXOW 
IURP D WHPSRUDU\ DSSHDUDQFH RI WKLV DQWLJHQ RQ WKH FHOOV ,W ZDV 
SUREDEO\ QRW LQÀXHQFHG E\ FRPSRQHQWV RI WKH FXOWXUH PHGLD 
LQFOXGLQJ 1 )%6 EHFDXVH LQ RXU VWXG\ ZH LGHQWL¿HG 66($
3+ FHOOV ERWK in YiYR DQG in YiWUR 2XU UHVXOWV EDVHG RQ RQH
PDUNHU LGHQWL¿FDWLRQ in YiWUR VKRZHG DPQLRQGHULYHG 6& WR EH 
SKHQRW\SLFDOO\ KHWHURJHQHRXV ZLWK WKH GRPLQDQFH RI WKH 66($
4+ FHOOV ±5 6XESRSXODWLRQV RI FHOOV ZLWK 66($3 75$
11 DQG 75$1 PDUNHUV ZHUH VLJQL¿FDQWO\ OHVV QXPHURXV 
4±3 5± DQG 34 UHVSHFWLYHO\ 7KHVH REVHUYDWLRQV 
FRQ¿UP WKDW DPQLRWLF HSLWKHOLXP RIIHUV WKH ODUJHVW SRWHQWLDO 
UHVHUYRLU RI FHOOV H[SUHVVLQJ PDUNHUV RI SOXULSRWHQF\ HVSHFLDOO\ 
66($4 DPRQJ RWKHU WLVVXHV RI WKH KXPDQ SODFHQWD 
'DWD DQDO\]LQJ WKH FRH[SUHVVLRQ RI DQWLJHQV WKDW DUH 
SOXULSRWHQF\ PDUNHUV RQ DPQLRWLF 6& DUH VFDUFH 
 
Figure 5. Immunolocalization of TRA-1-81+ cells in human placenta at term. FITC  (green)- anti-TRA-1-81 antibody (left columns) and adequate isotypic controls (right 
columns) conjugated with FITC; TRITC  (red-orange) - F-actin stained with Rhodamine phalloidin; DAPI  (blue) - cell nuclei stained with DAPI. Speciﬁc staining for TRA-1-81 is 
shown separately in the left column FITC. Scale = 10 μm. 
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,Q RXU VWXG\ WKH PXOWLSDUDPHWHU ÀRZ F\WRPHWU\ DQDO\VLV 
UHYHDOHG D YHU\ VPDOO QXPEHU RI FHOOV 3 H[SUHVVLQJ 66($
3 WRJHWKHU ZLWK 66($4 75$1 DQG 75$11 LQ WKH KXPDQ 
DPQLRQ 'LIIHUHQW FRPELQDWLRQV RI WKH 66($4 PDUNHU ZLWK 
66($3 75$1 DQG 75$11 DQWLJHQV FRPSULVLQJ IURP 
35 WR 5 RI WKH SULPDU\ FXOWXUH ZHUH IRXQG ,W VHHPV WKDW 
66($4+ VXESRSXODWLRQ LV KHWHURJHQHRXV DQG RQO\ DERXW 5 
RI WKH DPQLRWLF FHOOV FRQWDLQ ERWK 66($4 DQG 66($3 DQWLJHQ 
7KH SRVVLELOLW\ WKDW 66($3 75$1 DQG 75$11 DUH QRW WKH 
PDLQ 66($4 SDUWQHUV LQ WKH FRH[SUHVVLRQ RQ WKH DPQLRWLF FHOOV 
FDQQRW EH UXOHG RXW 2WKHU DXWKRUV IRXQG WKDW 66($4 VWDLQLQJ 
ZDV QRW FRQ¿QHG WR WKH 75$1+ FHOOV LQ FRORQLHV RI YDULRXV 
SOXULSRWHQW K(6& OLQHV VWDLQHG ZLWK YDULRXV PDUNHUV DW GLIIHUHQW 
WLPH SRLQWV 75$1+ FHOOV H[KLELWHG RYHUODSSLQJ VSHFL¿F 2FW4 
DQGRU 1DQRJ VWDLQLQJ &RH[SUHVVLRQ RI DOO PDUNHUV ZDV GHWHFWHG 
RQO\ LQ VPDOO DUHDV >3@ 
$V D FRQVHTXHQFH DPQLRWLF 6& OLNH K(6& PD\ EH GLYLGHG 
LQWR PDQ\ GLIIHUHQW FHOO VXESRSXODWLRQV DQG GLYHUVL¿HG LQ WKHLU 
FORQRJHQLF VHOIUHQHZDO DQG SOXULSRWHQW SURSHUWLHV >33@ ,W VHHPV 
DOVR WKDW KXPDQ DPQLRQ FHOOV GLVSOD\ VRPH FKDUDFWHULVWLF SURSHUWLHV 
RI 6& UHJDUGOHVV ZKHWKHU WKH\ DUH ORFDWHG LQ WKH DPQLRWLF 
VWURPD RU WKH HSLWKHOLXP DQG GLIIHUHQW HPEU\RORJLFDO RULJLQ RI 
 
Figure 6. Immunodetection of SSEA-4+, SSEA-3+, TRA-1-60+ and TRA-1-81+ cells in primary culture of amniotic cells. FITC (green) - speciﬁc antibodies (left columns) and 
adequate isotypic controls (right columns) conjugated with FITC; TRITC (red-orange) - F-actin stained with Rhodamine phalloidin; DAPI (blue) - cell nuclei stained with DAPI. 
Speciﬁc staining for SSEA-4, SSEA-3, TRA-1-60 and TRA-1-81 is shown separately in the left column FITC. Scale = 10 μm. 
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WKHVH OD\HUV %RWK SRSXODWLRQV KDG D VLPLODU LPPXQRSKHQRW\SH 
DQG SRWHQWLDO IRU in YiWUR GLIIHUHQWLDWLRQ LQWR PDMRU PHVRGHUPDO 
OLQHDJHV >34@ /DFN RI VLJQL¿FDQW TXDQWLWDWLYH GLIIHUHQFHV LQ WKH 
QXPEHU RI 6& EDVHG RQ WKH H[SUHVVLRQ DQG FRH[SUHVVLRQ RI 
66($3 66($4 75$1 DQG 75$11 PDUNHUV REVHUYHG 
LQ RXU VWXG\ PD\ LQGLFDWH WKDW WKH H[SUHVVLRQ RI WKHVH PDUNHUV in 
YiWUR ZDV QRW LQÀXHQFHG E\ WKH FRPSRQHQWV RI WKH $OSKD 0(0
)%6 DQG P7H651 FXOWXUH PHGLD 
%DVHG RQ GLIIHUHQW QXPEHU RI DPQLRWLF 66($4+ DQG 
66($3+ FHOOV LGHQWL¿HG LQ SUHVHQWHG VWXGLHV WKH TXHVWLRQ DULVHV 
ZKHWKHU WKHVH FHOOV H[KLELW PRUH RU OHVV SURQRXQFHG SOXULSRWHQF\ 
'XULQJ K(6& GLIIHUHQWLDWLRQ 66($3 DQG 66($4 VXFFHVVLYHO\ 
GLVDSSHDUHG IURP WKH VXUIDFH RI WKH FHOOV DQG 66($4 EXW QRW 
66($3 ZDV IRXQG RQ 06& >1@ 7KDW DEVHQFH GLG QRW VHHP 
WR H[HUW D VLJQL¿FDQW LQÀXHQFH RQ FHOO SOXULSRWHQF\ >@ +XPDQ 
SULPRUGLDO JHUP FHOOV ZHUH SRVLWLYH IRU ERWK 66($3 DQG 66($
4 EXW KXPDQ DPQLRWLF VWHP FHOOV &'11+ DEOH WR JHQHUDWH FHOO 
OLQHDJHV RI GLIIHUHQW JHUP OD\HUV ZHUH SRVLWLYH IRU 66($4 DQG 
QHJDWLYH IRU 66($3 >1@ 
 
Figure 7. Flow cytometric analysis of amnion-derived cells exhibiting co-expression of SSEA-4, SSEA-3, TRA-1-60 and TRA-1-81. Arrows show the consecutive steps of the 
analysis starting from the primary culture (P1 population).  
 
Figure 8. Quantitative data of the co-expression analysis of stem cell markers 
on amnion-derived cells. The results show a number of positive-staining cells as a 
percent of primary population. Amniotic cells taken from the placenta were cultured 
in both mTeSR1 and Alpha MEM/FBS. The values are means of measurements from 
two placentas. The diﬀerences between the cultures in two diﬀerent media were not 
signiﬁcant. 
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0RUHRYHU K(6& JHQHUDWHG IURP ERWK 66($3+ DQG 66($
3 FHOOV UHWDLQHG WKHLU SOXULSRWHQW SRWHQWLDO DQG FKURPRVRPDO 
VWDELOLW\ DQG ZHUH DEOH WR JHQHUDWH WHUDWRPDV FRQWDLQLQJ DOO WKUHH 
JHUP OD\HUV XSRQ LQMHFWLRQ LQWR LPPXQRGH¿FLHQW PLFH >33@ 
2Q WKH RWKHU KDQG ERWK 66($3 DQG 66($4 DQWLJHQV DV ZHOO 
DV 75$1 DQG 75$1 ZHUH DOVR IRXQG RQ KXPDQ ¿UVW
WULPHVWHU IHWDO EORRG WKH OLYHU DQG ERQH PDUURZ PHVHQFK\PDO 
VWHP FHOOV 06& 7KH GDWD RQ WKHLU SUHVHQFH RQ DGXOW 06& DUH 
LQFRQFOXVLYH >1 35 3@ 
Conclusion
7R VXP XS WKLV SUHOLPLQDU\ VWXG\ VKRZV WKDW WKH HYDOXDWLRQ 
RI 66($3 H[SUHVVLRQ DQG LWV VLDO\ODWHG GHULYDWLYH  66($
4 DV ZHOO DV WKH UHFRJQL]HG 6& PDUNHUV 75$1 DQG 75$
11 ZKLFK FDQ EH DXWKRULWDWLYH LQGLFDWRUV RI SOXULSRWHQW 
FHOOV LQ WKH SULPDU\ FXOWXUH KDV QRW EHHQ LQÀXHQFHG E\ PHGLD 
FRPSRQHQWV $PQLRWLF 6& H[SUHVVLQJ 66($ HSLWRSHV FDQ EH 
LGHQWL¿HG LQGHSHQGHQWO\ RI WKH )%6 SUHVHQFH LQ WKH FRQWHQW RI 
WKH FXOWXUH PHGLD 
:H KDYH UHFHQWO\ UHSRUWHG WKDW KXPDQ DPQLRQ PLJKW KDYH 
DWWUDFWHG DWWHQWLRQ DV DQ DOWHUQDWLYH VRXUFH RI 66($4+ 6& EXW WR 
D OHVVHU GHJUHH RI 66($4+ FHOOV H[KLELWLQJ FRH[SUHVVLRQ RI WKH 
NQRZQ PDUNHUV RI SOXULSRWHQF\ 66($3+ 75$1+ DQG 75$
11+ 7KH FHOOV ZLWK FKDUDFWHULVWLFV RI (6& ± 66($4+ 75$
1+ 75$11+ DV ZHOO DV WKH FHOOV H[SUHVVLQJ WKH 66($3 
PDUNHU FRXOG EH LGHQWL¿HG LQ WKH IHWDO SDUW RI WKH KXPDQ SODFHQWD 
QRW RQO\ LQ WKH DPQLRQ EXW DOVR WKH FKRULRQ
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